The paper presents first, an efficient measurement technique to characterize the input impedance of a Vivaldi antenna, second, a simple technique to impedance match a Vivaldi antenna to a 50 R feed line and lastly, a desktop arrangement to determine the directional gain of a Vivaldi antenna. The characterization is done using a microwave wafer probe station, a ground-signal microwave probe, impedance standard substrate and an automatic network analyzer. The Vivaldi antenna with a matching transformer has a VSWR close to unity and a gain of about IO dB over the frequency band of 27.5 to 28.35 GHz which is allocated for local multipoint distribution service (LMDS).
I. INTRODUCTION:
TheVivaldi antenna is a very useful antenna because of its simple construction. wide bandwidth and high gain [I] . In general, the Vivaldi antenna has an end-fire radiation pattern. However recently, we have demonstrated that by placing a ground plane and a parasitic antenna layer below and above the driven antenna layer respectively, the direction of main beam can be scanned in the elevation plane [2] . This arrangement is attractive for local multipoint distribution service (LMDS) in residential areas were it is necessary for the antenna to conform to the roof surface for aesthetics while the beam is required to point towards the sky for good line-of-sight propagation.
The Vjvaldi antenna being a slot type travelling wave antenna is normally excited by a slot line. Hence for characterization a coax-to-microstrip-to-slot line transition [3] or a waveguide-to-fin line transition is required at the input to interface the antenna with the coaxial or waveguide test equipment. These transitions introduce additional loss and uncertainty in the measurements. In addition, the directional gain of an antenna is normally measured using an antenna test range. Conventional antenna test ranges are very expensive and hence a low cost desktop alternative to provide a quick and approximate measure of the gain needs to be explored. This paper demonstrates an accurate measurement technique to determine the input impedance and an approximate technique to determine the directional gain of a Vivaldi antenna using a microwave wafer probe station, a ground-signal microwave probe, impedance standard substrate and an automatic network analyzer. Where a, b and m are constants and are equal to 0.0518,0.005 and 0.2 respectively. The antenna is fabricated from a IO mil thick RTDuroid 6010.5 (&r = 10.5) substrate. Traditionally antennas are constructed from low &r materials however in our experiments we have used a high E, material which helps to miniaturize the antenna.
b.) Measurement Methodology:
The Vivaldi antenna is excited by a ground-signal microwave probe (Picoprobe Model 40A) as shown in Fig. 2 . During measurements the antenna is supported by a Styrofoam block and the metal fixtures of the probe station are covered by microwave absorber sheet to reduce interference. The ground-signal probe is calibrated to the tip using an open, short and a load as a standard. The reflection coefficient (SI]) is measured using a HP 8510C automatic network analyzer.
To measure the directional gain G, a pair of identical Vivaldi antennas excited by two calibrated ground-signal microwave probes are arranged facing each other and separated by a distance R. The distance R is equal to or greater than Where DI and LJ are the aperture dimension of the vivaldi antenna and the free space wavelength at the operating frequency respectively. The insertion loss (&I) due to separation between the antennas is measured using the network analyzer assuming no polarization loss. The gain is given by Friis equation
Where the power ratio PRt is the measured S21 and G, and G, are the gain of the receiving and transmitting antennas respectively. The gain of both antennas are identical and is equal to G.
MEASURED RESULTS: a.) Input Impedance:
The conventional Vivaldi antenna has a very high input impedance and consequently a poor VSWR charncteristic. This problem is tackled by providing a two step dielectric transformer as shown in Fig. 3 . The de-embedded real and imaginary parts of the input impedance (Re(Zi,) and Im(Z,")) from the measured SI I with and without the dielectric transformer are shown in Figs. 4(a) and 4(b) respectively. The Re(Zi,) and Im(Zi") are close to 50 R and 0 R respectively with a dielectric transformer. The measured VSWR of the antenna with and without the transformer is shown in Fig. 5 . The VSWR is close to unity with the transformer.
b.) Directional Gain:
The experimental set-up to measure gain is shown in Fig. 6 . The gain as determined from the measured Sz1 is shown in Fig. 7 . Since, the aperture size in wavelengths increases with frequency, the gain also increases with frequency. The gain for a single element is on the order of IO dB which is typical of a Vivaldi antenna. To evaluate the accuracy of our measurement technique, we plan to compare the gain obtained using our technique with the data from an antenna test range and also from numerical simulation. These results will be presented at the conference. 
IV. CONCLUSIONS AND DISCUSSIONS:
First, an efficient measurement technique to determine the input impedance of a Vivaldi antenna has been demonstrated. Second, a simple technique to impedance match a Vivaldi antenna to a 50 R feed line has been demonstrated. Third, a desktop arrangement to determine the directional gain of aVivaldi antenna has been demonstrated. The Vivaldi antenna has aVSWR close to unity and a gain of about 10 dB over the frequency band allocated for LMDS.
